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Abstract
In this work we demonstrate the evaluation of a commercial NT-proBNP test using a standard mobile phone as a measuring 
platform. A Java ME software developed for this application controls the illumination and imaging of the NT-proBNP test under 
defined time intervals, enabling the compositions of multi-exposure sets that can be processed as high dynamic range (HDR) 
images for contrast enhancement. The results show that HDR processing significantly increases resolution and detection range,
which makes the phone-based evaluation a promising possibility.
© 2009 Published by Elsevier Ltd.
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1. Introduction
The concentration of N-terminal prohormone b-type natriuretic peptide (NT-proBNP) in blood is a key predictor 
of cardiovascular mortality in patients with diagnosed heart failure (HF)[1]. These patients require periodic 
monitoring of NT-proBNP levels, which is carried out at medical health care centers using dedicated point-of-care
(POC) instruments. The scenario constitutes an opportunity to empower patients with proBNP home monitoring 
technology and this work investigates such possibility.
Ubiquitous sensing utilizes regular consumer electronic devices as measuring platforms for bio and chemical 
sensing. One of such sensing approaches is the computer screen photo-assisted technique (CSPT), which uses 
computer screens as light sources and web cameras as detectors for optical evaluation of chemical sensing assays 
[2]. A natural evolution of this concept is to migrate applications to the most familiar and ubiquitous consumer 
electronic platform: the mobile phone.
In this work we demonstrate the evaluation of a commercial, and well-established, NT- proBNP (Roche Cardiac) 
test using a standard mobile phone as a CSPT platform. Cross platform Java ME software on the phone controls the 
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illumination and imaging of the NT-proBNP test window under defined time intervals, enabling the compositions of 
multi-exposure sets that can be processed as high dynamic range (HDR) images for contrast enhancement.
2. Results and discussion
The CSPT method is a versatile approach for optical evaluations, which is able to support spectral fingerprinting 
[3], imaging ellipsometry [4] and surface plasmon resonance imaging [5] for sensing purposes. This is the first 
occasion where the technique is used for HDR imaging [6].
In a CSPT measurement part of a computer screen (phone’s screen in this case) is used as a controlled light 
source to illuminate a (bio) chemically sensitive element that gives an optical response, which is then captured by a 
web camera (phone’s camera in this case). CSPT illumination can easily be configured to support different detection 
principles, such as those mentioned above.
In the case of spectral fingerprinting the technique enables the identification of the excitation emission matrix of 
fluorescent indicators [7] by illuminating with a sequence of polychromatic spectral radiances that selectively 
highlight the spectral characteristics of the samples. In the present case, the detection consists of quantifying the 
contrast level of a region of interest (ROI) in the image of a NT-proBNP test, which is a lateral flow assay that 
detects NT-proBNP levels in serum, using a sandwich immunologic principle.
In order to strengthen the detection of micro-contrast using a mobile phone we implemented high dynamic range 
(HDR [6]) image acquisition in a cross platform environment (Java ME). HDR techniques record an extended 
dynamic range by composing and tone mapping a number of images acquired under different exposures [8], which 
in this case enables a substantial increase in the resolution and response range detectable with a mobile phone.
The test evaluated in this work is a commercial lateral flow device from Roche (Roche cardiac proBNP, Fig. 1)
for detection on heparinised venous blood, which is quantitatively evaluated by the Cardiac reader instrument from 
Roche Diagnostics.
The reader can be calibrated with control solutions (Roche Cardiac Control proBNP), which were used in our 
experiments. The calibration solutions are two lyophilized controls based on equine serum, which for our batch were 
L1 = 213 pg/mL (with a reported [107, 320] pg/mL 99% confidence interval) and L2 = 1132 pg/mL (with a reported 
[566, 1698] pg/mL 99% confidence interval).
Upon exposure to the sample a quantitative result is obtained after 12 minutes (a test line with varied intensity 
depending on the concentration of NT-proBNP). The evaluation is timed and processed by the cardiac reader.
In this study CSPT spectral identification is not required since the indicator is only one, and instead we aim at 
using HDR to enhance the contrast of the test line.
We utilized two different approaches to measure the NT-proBNP tests. In our reference method (setup not 
shown) we imaged the tests with a DSLR camera (Canon EOS 500D, with a EF 18-55 mm objective, operating at a 
55 mm focal length, with a F/5.6 aperture in manual mode and utilizing a sRGB IEC61966-2.1 color space) focused 
on the test and acquiring 3.7 Mpixel images in .jpg format every 20s. In order to compose HDR images at each 
interval three pictures are taken (at 3 fps) in auto exposure bracketing mode (AEB) set to two exposure values (EV) 
around the suggested shutter speed (0 EV, +2EV and -2EV respectively). The result of the measurement is batch 
processed in PhotomatixPro 3.2.7 from HDRsoft. Groups of three images (0, ±2EV) were tone mapped, in tone 
enhancer mode.
The result of this processing is a collection of 16 bits tone mapped .tif files corresponding to the test’s image at 
each acquisition interval. These images are used to evaluate the tests and to compare with the evaluation without 
HDR imaging, which uses only 0EV images, of the same image collection.
Processing was performed in Matlab by uploading the images and selecting ROIs corresponding to the test line, 
control line and background, which were used to construct the kinetic response of the test (Fig. 2a).
A Nokia 6720 Classic, a standard mobile with a camera in the front of the device, was used as the measuring 
platform (Fig. 1). A Java ME application was programmed to control the screen contents used for illumination and 
to acquire images in synchronism with the illumination. For each acquisition interval (40 s), the screen produces 
three illuminations and three images are acquired at 160 x 120 pixels, 24 bits color resolution in automatic exposure 
mode. Collected images are processed identically to the reference method.
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Fig. 1. Image of the experimental setup illustrating the front camera alignment with the detection window of the proBNP test. During the 
measurements the phone and sample are enclosed in an aluminum box, which blocks ambient illumination. The phone is tilted to 20° in order to 
increase the illumination provided by the screen. Three illuminating colors, sequentially displayed on the screen, are used to generate each HDR 
image.
Fig. 2a) Reference evaluation of proBNP tests using 3 exposures auto-bracketing (+2 EV, 0, -2EV) per sample point, with a DSLR camera (red 
lines with circles). During the experiment the proBNP test is illuminated with a halogen light source at constant intensity, while the camera 
acquires three exposure sets every 20 seconds. Each three exposures set is HDR assembled and tone mapped. The response of the test region (T) 
of the proBNP test along 12 minutes is evaluated from the HDR images (red lines with circles) and compared with the evaluation from the 
uncompensated exposure (black solid lines) for two calibrated concentrations of proBNP in serum. Representative images after 12 minutes are 
collected in the figure. The HDR processing shows a ~3-fold increase in the detection limit, bringing it close to the signal for maximum stimulus, 
using the single image evaluation. b) Mobile phone HDR evaluation of a commercial proBNP tests. A Nokia 6720 classic programmed in Java 
ME controls the phone’s screen colors used as illumination for the proBNP test and acquires in synchronism the image of the proBNP test’s 
detection window using the phones’s front camera.
Three illuminating colors are used for each sample point, in order to create a HDR set, since exposure control of phone’s cameras is not an option 
within the standard Java ME capabilities.
Each set of three exposures is HDR assembled and tone mapped with the same parameters as in the reference case (Fig. 2a). The response of the 
test region (T) in the resulting images (red lines with circles) is evaluated along 12 minutes for two calibrated concentrations of proBNP in serum. 
Representative images after 12 minutes are collected in Fig. 2b.
The evaluation without HDR processing is based on only one of the exposures (for white light) for each sample point (black solid lines with 
dots). The HDR processing also shows a ~3-fold increase in the detection limit.
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A drawback of HDR, well known in photography, is the introduction of noise, which is typically compensated by 
de-noising filters. This is also an option in this case, however, at the present stage we prefer to concentrate in the 
evaluation of the HDR performance alone and to assess its effect on the resolution. The increased noise in the HDR 
detection is almost not noticeable in the DSLR case; however, it becomes evident, although manageable, in the 
mobile phone evaluation.
In order to estimate the resolution of our system we evaluated the noise by imaging a smooth white target and 
calculated the standard deviation of a ROI with the same size as the test ROI. Under these conditions we found 0.97 
and 0.72 intensity units (95% confidence interval) for the phone and DSLR camera respectively, which corresponds 
to 14 and 11 pg/mL while without HDR processing is 31 and 23 pg/mL.
HDR processing more than duplicates the resolution and sensitivity in the phone and in the reference system, 
without a critical increase in the uncertainty. The phone’s performance at fixed time intervals is remarkably 
comparable with the reference system; however, Fig. 2b shows a larger variability in the transient, which can be 
attributed to the automatic exposure used in the acquisition. Arguably, a more advanced control of the exposure will 
improve the present performance, however that requires non-standard Java tools, which tend to restrict the 
applications to a particular platform.
3. Conclusions
The evaluation of a commercial NT-proBNP test using a standard mobile phone as measuring platform has been 
demonstrated. Relevant aspects of the cross platform implementation based on Java ME standard capabilities have 
been addressed, in particular the acquisition of time elapsed snapshots providing the best possible quality for the 
platform.
Substantial improvements in sensitivity and resolution are observed for the HDR processing with performances 
compatible with the diagnostics range, while the variables defining further improvements have been identified.
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